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SHE  EICTOT  OF  SUBSSITUfISO  AfOMS  Of  HIDE06M 
II  fHE  OH^Br  MOLECULE  WlfH  ATOMS  OF  BEOMIIE 
01  THE  TELOOITI  OF  THE  lOIIO  ISOTOFE  EICEAIGE 


[Folio -wing  ta  s  traaslatlon  of  aix  article 
By  M,  B.  Heym&aj  Yu.  M,  ShapoTalov^ 

Y.  B,  Miller  ia  Loklady  Al:ed@mli  latife  SSSE» 
loTaya  Serlya  (Eeports  of  liie  AS  USSE,  lew 
Series),  Yol.  XCYII,  lo.  A,  Moscow,  1954, 
pages  703“’T06,3 

(SuBmitted  by  Academician.  H,I»  SsmenoT,  2?  Harob.  *54) 


Sine®  the  time  of  the  appearance  of  the  classical  dis 
sertatloa  of  Y,  Y,  MArAoynlkoT  II],  a  considerable  nmber  of 
works  haT©  been  published  dedicated  to  the  study  of  tae  mu¬ 
tual  effect  of  atoms  on  the  reaction  ability  of  the  molecu- 

Unfortunately,  the  great  majority  of  works  in  this 
area  are  of  a  qualitative  character.  In  the  present  work, 
we  carried  out  a  quantitative  ittvestlgation  of  the  effect 
of  substituting  atoms  of  hydrogen  in  the  moXeciue  of  uH3Br 
with  atoms  of  bromine  on  the  v^ocity  and  the  energy  of  ac¬ 
tivation  of  Isotope  exchange  of  bromins-BUbstituted  metmne 
with  bromine  ions  in  a  alcohol  solution.  The  pattern 


not  oonnaeted  with  the  formation  of  side  products. 

Therefore,  the  experimentalmaterial.  during  study  or 
the  isotope  exchange  reactions  can  be  easily  treated  so 
that  the  velocity  constants  and  the  energy  of  activity  can 
be  determined  without  difficulty  (3t  4). 


1 


< 


The  compounds  CHsBr,  CHjBr,,  CHBr,!  and  CBr*!  were  puri¬ 
fied  by  distillation  or  recrystalllzatlon  and,  after  that, 
their  physical  constants  coincided  with  table  values  within 
the  limits  of  allowable  error. 

Reactions  of  the  Isotope  exchange 

RBr  +  Br  RBr +  Br; 


were  carried  out  In  sealed  flasks  placed  In  a  thermostat, 
m  all  experiments,  the  concentration  of  both  compounds  was 
equal  to  0,1  eq/l.  At  different  times,  the  flasks  were 
cooled  and  then  opened.  In  the  case  of  experlmeits  with 
CHsBrjl  and  CHBral  the  separation  of  compounds  was  carried 
out  by  an  addition  of  water  and  cyclohexane  as  was  descri¬ 
bed  earlier  (5)»  lu  the  case 

In  the  case  of  experiments  with  CHsBr'  ,  the  latter 
together  with  alcohol  was  driven  off  from  the  trap  at  low 
pressure,  after  which  the  activity  of  NaBr.lef't  in  the  trap 
was  determined.  In  the  case  of  expe  Iments  with  CBr4  the 
solvent  also  was  driven  off  from  the  trap  at  low  pressure 
and  a  temperature  below  zero;  Ihiat  Is,  at  such  conditions 
when  the  isotope  exchange  can  be  neglected.  0Br4  was  ex¬ 
tracted  from  the  solid  residue  with  ether  and  after  that 
RaBr  was  dissolved  In  water, 

For  measurements  of  activity,  In  all  cases  the  bro¬ 
mine  was  transferred  into  AgBr  residue  as  was  described  In 
previous  works, 

A  series  of  experiments  were  carried  out  for  each 
temperature  and  the  velocity  constants  were calculated  ac¬ 
cording  to  the  formula: 


2  3 


1  + 


(1) 


The  formula  is  applicable  In  the  case  of  moleoular- 
-lon  mechanism  of  the  Isotope  exchange  reactions  according 
to  which  reactions  take  place,  as  was  shown  by  us  earlier 

The  results  of  our  experimentsare  given  in  Table  1, 
In  the  table  are  quoted  mean  values  of  constants  in  1  mole 
sec.  In  all  cases,  the  f-activlty  coefficient  of  HaBr 
was  accepted  as  being  equal  to  0.7  as  follows  from  our  mea¬ 
surements  (6), 

Pig,  1  represnnts  the  relation  between  the  velocity 
constants  of  the  isotope  exchange  determined  by  us  and  the 
temperature.  As  is  apparent  from  the  drawing,  during  the 
transition  from  CH3Br  to  OHaBra  the  velocity  of  the  Isotope 
exchange  Is  sharply  decreased.  An  introduction  Into  the 
molecule  of  one  atom  of  bromine,  that  is,  a  transition  to 
0H3Br3,  has  a  very  limited  effect  on  Idle  velocity  exchange. 


!Eable  1 


Velocity  Constants  of  the  Isotope  Exchange  HBr  +  Br 
+  bI”  at  a  =  h  =  0.1  eq/l 


n  < 

1 

RBr 

CH,Br 

19.7 

9.4 

CHBr, 

100 

3,1 

37,0 

97,0' 

110 

13,1 

50,8 

199, Oj 

120 

24.0 

CBT4 

141) 

130,0 

CHjBr, 

115.8 

19,0 

130 

71 

100 

23 

152 

348 

iiO 

53 

120 

79 

140 

330 

Table  2 

KinetlcsOharacterlstics  of  the  Isotope  Exchange 
0HnBr4-n  +  Bf", 


«r 


{ 


RBr 

i 

i 

CH»Br  •  *  . 

5420 

f 

i 

17500  ! 

CHjBrs  .  . 

3,1 

26600  ! 

OHBfa  %  *  * 

3,2 

2fiO(K)  : 

CBf.  ... 

16 

2^100  ! 

3 


Finally,  the  transition  to  0Br4  not  only  does  not 
delay  the  Isotope  exchange  hut  leads  to  its  acceleration. 


Fig.  1.  The  relationship  of  the  temperature  on 
the  Telocity  constant  of  the  isotope  exchange;  l-i 


1)  with  CH3Br;  . 

2)  with  (points)  and  CH2Br2  (squares); 

4)  [sic]  with  0Br4 

Curve  3  Indicates  temperature  effect  on  the  exchange 
constant  Ki  according  to  ionizing  mechanism. 


For  determination  of  the  active  energy  of  ^e  stu¬ 
died  reactions  of  Isotope  exchange,  we  expressed  the  re¬ 
sults  of  our  experiments  in  Fig.  2  in  terms  of  coordina¬ 
tes  IgK  and  I/T.  Calculated  by  a  me^od  of 
res,  the  values  of  the  energy  of  activation  and  the  velo¬ 
city  constant  of  the  Isotope  exchange  are  compared  in  rig. 

As  is  clear  from  the  table,  during  the  transition 

from  CH^Br  and  CHBr3,  the  velocity  of  P" 

mishes  and  the  energy  of  actlT/ation  grows.  At  the  intro¬ 
duction  into  the  molecule  of  the  fourth  atom  of  bromine, 
the  regularity  is  disturbed  as  was  observed  in  the  case  of 
other  reactions  but  left  without  explanation  by  P.  I.  Pe- 
trehko-Krltchenko  (7)  and  B.  V,  Tronov  (2),  ?°ll- 

ble  therefore  to  theorize  that  in  the  case  of  0Br4  +  Bf 
the  isotope  exchange  proceeds  according  to  a  different  me 
chanism. 


♦ 


■  As  was  demonstrated  by  us,  the  isotope  excha^e  of 
r*HorHrtRr  with  ions  of  b!^“  proceeds  according  to  a  mole- 
cSa??lKectanir(6).  IheVaotlon  la  accompanied  with 
InTerslon  of  conf iBuratlon  and  Its  velocity  constant  must 

he  calculated  hj  formula  (l)o  ^  n  i 

It  is  very  probable  that  in  the  case  of  polyhalide 

substitutes,  the  mutual  repulsion  of  halide  atoms  may 

to  a  marked  Increase  of  the  process  of  molecular  ionization 

and,  as  a  result,  the  process  of  lS®thil®clS^ 

nroceed  according  to  an  ion- type  mechanism.  In  this  case, 

the  velocity  exchange  constant  ^ 

cording  to  formula  (1)  but  according  to  formula  (2). 


=-(^ +4)  t]- 


(2) 


To  substantiate  this  theory,  we  arranged  a  series  of 
experiments  concerning  the  study  of  Mhetlcs  of  the  leotope_ 
GBrA  +  NaB?  in  alcohol  solutions  at  100  •  ine  con 
centratlon  of  the  reacting  substances  fluctuated  wit h^  wide 
iSltS!  The  results  of  our  experiments  are  given  in  Table 

(3): 


Constants  of  Isotope  Exchange 
CBr*  +  NaBr 


ir.ios 

..OAC^-X 

vflaer* 

0,5 

0,6 

3 

0,8 

0,9 

0,1 

20 

1,3 

13 

0,99 

0,01 

330 

3 

300 

The  constant  K  was  calculated  according  to  formula 
(1),  the  constant  K-1  according  to  formula  (2).  and  the  cons 
tant  K'  according  to  the  following  formula  (3)t 

(3) 


(a 


Which  is  related  to  the  case  of  a  molecular  mechanism  of  the 

reaction  process,  ,  .  n.,  ,  ^ 

As  is  apparent  from  the  table,  during  the  change  of 
concentration  of  NaBr  by  a  factor  of  60,  the  constants  K  and 
K"  change  by  a  factor  of  100  to  200,  but  the  constant  K 
changes  only  by  a  factor  of  4. 


-  5 


It  follovrs  from  our  experiments  that  for  the  reaction 
of  the  Isotope  exchange  CBr4  +  B?",  the  mechanical-ion  exchange 
process  appears  to  be  most  probable. 


« 


Fjg.  2,  Relationship  between  temperature  IgK  and 
the  ion  reaction  of  the  isotope  exchange 
CH,Bf  (/>:  CHBr,  #  CBr4  (4)  j 


Therefore,  the  velocity  constant  of  the  reactions 
GBr4  +  B^~  in  agreement  with  our  experimental  data  must  be 
expressed  by  formula; 


(4)j 

The  relationship  between  K'  and  temperature,  calcula¬ 
ted  according  to  this  formula,  is  presented  in  Pigs,  1,  3» 
i-where  on  the  ordinate  axis  are  given  the  values  of  the  cons¬ 
tant  in  sec-1,  in  scale  previously  used. 

Our  experiments  lead  to  the  conclusion  that  the  isoto¬ 
pe  exchange  of  halides  with  ions  of  halides  proceeds  accord¬ 
ing  to  a  molecular- ion  mechanism  accompanied  with  inverse  con¬ 
figuration  and  not  according  to  the  ion-type  mechanism.  In 
general,  one  of  these  mechanisms  prevails.  In  the  case  of 
gradual  substitution  of  atoms  of  hydrogen  in  the  molecule 
CHjBr  with  bromine  atoms,  the  potential  barrier  hindering  in¬ 
version  of  the  configuration  rises  monotonously. 

However,  at  the  same  time,  the  potential  barrier  de¬ 
creases  the  same  barrier  which  impedes  decomposition  of  mole¬ 
cules  on  the  negative  ion  of  bromine  and  the  positive  ion  of 
carbonlum. 


6 


Due  to  this  circumstance,  the  competition  of  the  mole- 
cular-lon  and  the  ionization  mechanisms  leads  in  the  case  of 
CH?Br  to  the  second  mechanism.  Analogous  ideas  with  referen- 
ce^to  mechanisms  of  some  other  ionic  reactions  were  expres- 


sed  by  Infold  (8)*  .  ,  ^  ^ 

In  our  of  our  works  (9),  it  was  demonstrated  that  a 

chant e  In  structure  that  causes  retardation  of  the  ion  reac¬ 
tions  at  the  same  time  accelerates  the  atom  reactions  of  tne 
isotope  exchange.  From  this  point  of  view,  we  must  epect 
acceleration  of  the  isotope  exchange  GHnBr4«n  atoms  of 

oromine  in  proportion  to  the  reduction  of  n. 
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